A group of 62 strains, mostly members of the genera Micrococcus and Sarcina, has been subjected to a numerical-taxonomic analysis. All 57 characters have been scored according to the scale o to 5 and an appropriate formula has been used for the calculation of similarity. The method of clustering of organisms applied here is a modification of the original 'singlelinkage method'. Eleven 85-phenons were found and the rank of species has been attributed to them. On the basis of existing taxonomic studies it appears probable that aerobic sarcinas must be considered as members of the genus Micrococcus and that they are R-dissociated forms of proteolytic micrococci.
INTRODUCTION
The extensive literature existing today on the taxonomy of micrococci includes such comprehensive papers as those by Abd-el-Malek & Gibson (1948), Shaw, Stitt & Cowan (1951) , Kocur & Martinec (1962) , Baird-Parker (1963 . The numerical taxonomy introduced in the classification of bacteria by Sneath (1957a, b) and broadly used in the present taxonomy of micro-organisms, was for the k s t time applied to micrococci by Hill (1959) and later by Pohja (1960), Pohja & Gyllenberg (1962) , Hubiilek (1964), Hill et al. (1965) . The results obtained in the application of numerical taxonomy were compared with the ratio of DNA bases in this group of bacteria by Silvestri & Hill (1965) and Rosypal, Rosypalovh & Hofejg (1966) . This communication is based on an earlier study (Hubhlek, 1964) and applies the modified Sneath's method to non-pathogenic micrococci and sarcinas.
METHODS
A total of 62 strains of the genera Micrococcus Cohn, Sarcina Goodsir, and Staphylococcus Rosenbach from the Czechoslovak Collection of Micro-organisms (CCM) have been studied and a list of them is presented in Table I . All the tests were performed two or three times and in the same way as by Kocur & Martinec (1962) unless otherwise indicated. The cultivation temperature was 30" and both a 'positive' culture and a negative control in each test were used for comparison. A complete description of the methods used has been given by Hubhlek (1964). 
Survey of characters
I. Gram reaction. The preparations were made from meat-peptone agar (MPA) and meat-peptone broth (MPB) from 20-, 45-and I 15-hr-old cultures. From each strain six preparations were made, stained, and the Gram reaction has been calculated as the arithmetic mean of all these values and rounded to the nearest degree of the scoring scale.
Scoring : 0, typically Gram-negative ; I, Gram-negative ; 2, Gram-variable, tending to Gram-negative ; 3, Gram-variable, tending to Gram-positive ; 4, Gram-positive; 5, strongly Gram-positive.
2. Occurrence of packets in preparations from MPA. Average value of three wetmount preparations ( I-, 2-and 5-day-old cultures).
Scoring : 0, typical grape-like clusters ; I, less typical grape-like clusters ; 2, small clusters, less abundant tetrads and also short chains; 3, prevailing tetrads; 4, typical tetrads, less abundant octads; 5, packets of minimal number of 16/32 cells.
3. Occurrence of packets in preparations from MPB. Scoring as character 2. The score was different in some strains from that in character 2, therefore the character has been included. ---2 I. Aesculin hydrolysis. Scoring: 0, medium without colour change; I, a trace of brown coloration within 25 days; 2, brown coloration within 14 days; 3, black coloration in 6 to 14 days; 4, black coloration in 2 to 5 days; 5, black coloration within I day.
22. Starch hydrolysis. After 5-day cultivation the breadth of zone with degraded starch was measured.
Scoring: 0, no zone; I , zone 05-1.0 mm.; 2, zone 1.5-2-5 mm.; 3, zone 3-0-4-5 mm.; 4, zone 5-0-10.5 mm.; 5, zone I 1-0 mm. and more.
23. Glucose 'oxidation' (formation of acids in Hugh-Leifson medium with glucose and bromthymol-blue).
Scoring: 0, without colour change of indicator in 30 days; I, green-yellow coloration of indicator in 30 days; 2, yellow coloration of indicator not before 15 days; 3, yellow coloration of indicator in 10 to 14 days; 4, yellow coloration of indicator in 5 to 9 days; 5, yellow coloration of indicator in I to 4 days. 48. Nitrite decomposition. Semisolid medium with 0-0005% NaNO,. 2-, 5-and 7-day cultures were tested in each strain.
Scoring: Colour of medium after addition of Griess-Ilosvay reagent-0, deeply red in each culture (2,5,7 day); I, red; 2, faintly red at most; 3, without colour change not before the 7th day; 4, without colour change in a 5-day-old culture; 5, without colour change in a 2-day-old culture.
49. 56. Sensitivity to Zysozyme. Lysozyme solution was placed in wells in inoculated agar plates (about 20 pg. of the substance per well). Scoring as for characters 51 to 55. 57. Sensitivity to N-6 phage (host strain is Micrococcus lysodeikticus CCM 1335). One drop of phage preparation was placed on a lawn on MPA plates.
Scoring: 0, growth unaffected; I, a trace of weaker growth; 2, distinctly weaker growth; 3, translucent plaque in the spot covered by drop, but with more than 50 microcolonies in it; 4, 6 to 50 microcolonies in plaque; 5, o to 5 microcolonies in plaque. This evaluation is a rough expression of the frequency of sensitive cells in the population.
Numerical methods In contrast to the existing most usual formula for calculating similarity (Sneath, where n, = number different characters, use the scale of o to of characters possessed by both individuals, nd = number of another formula has been applied (Hubiilek, 1964), in order to 5, in scoring characters :
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where r = scoring scale range (in this study r = 5), Xp = number of comparable characters in the two individuals, Xldl = sum of absolute values of differences in the characters of the two individuals. It is important to keep the range of the classification scale (r) the same for all characters.
The similarity values between all pairs of strains have been analysed not by the method of 'single linkage ' (Sneath, 1957 b) , which partially distorts the complicated spatial relations expressed by the mutual similarity of strains (Lysenko & Sneath, I959), but using another clustering method. In order to add a strain to a cluster (one strain or a group of strains), it must have a minimum number of links to the members I of the cluster that are above the similarity value that is being examined. This minimum number is defined by the following scheme: In this way the deformation of the actual spatial relations caused by their arrangement in a linear scale is decreased. Apart from this, another rule was made. In each step of clustering (I yo S) clusters were checked and when a strain in any cluster had a greater number of links to another cluster than to its own, it was transferred. In general, strains from smaller clusters were transferred to bigger ones. By means of these two rules about the addition and the transfer of strains the whole process has been done without using a computer.
and more

RESULTS
The similarity values and the clustering are given in Tables 2 and 3 . After some consideration the value S = 85 yo has been chosen as the ' species ' level. Consequently, there are 11 groups (85-phenons according to the nomenclature of Sneath & Sokal, 1962) in the set. While designating the groups I have primarily relied upon Bergey's Manual (1948, 1957) and tried to find for each 85-phenon the name of a species whose original description best corresponds with that phenon. The view of Evans, Bradford & Niven (1955) that Micrococcus and Staphylococcus constitute two different genera which can be with certainty differentiated on the basis of the 'fermentative' technique of glucose utilization, has been accepted. Validity of this point of view was clearly demonstrated by the quite different ratio of DNA bases in these genera (Silvestri & Hill, 1965) .
A survey of characters of the phenons is shown in Table 4 .
DISCUSSION
Classzjication techniques. The first clustering technique used in numerical taxonomy was 'single linkage' (Sneath, 1957b) , later modified to the 'average linkage' method (Sokal & Michener, 1958) or that given by Hubhlek (1964). A more objective determination of groups connected with a 'reasonable measure of inhomogeneity' has been suggested by Rogers & Tanimoto (1960) . The use of factorial analysis has made possible a fully automatic and objective analysis of data (Hill et al. 1965; Gyllenberg, 1965 ; Poncet, 1967 Taxometrics of micrococci and sarcinas 359 291, 530, 169,550, 1335 291, 530, 169,550, , 1680 291, 530, 169,550, ,656, 1423 291, 530, 169,550, , 357,407, 617, 80,183, 1639 291, 530, 169,550, 1349  H., I., J., K., L. J., K., L., N., 0.
- (10) 'ditto': The same strains as the previous step.
index ' (Goodall, I 966) for direct significance testing of classification relationships ; t-test for a statistical comparison of more or less similar groups of strains (Hubklek, 1964; Tsukamura, 1967) ; calculation of taxonomic relations derived from the theory of entropy (Hall, 1967) ; 'furthest neighbour sorting' and 'flexible sorting' (Lance & Williams, 1967) . At present it is difficult to judge which of these methods is most advantageous. A comparison of some of them has been made for example by Hill et al. (1965) and 'tMannetje (1967) , but without any definite conclusion. However, the results obtained by various grouping techniques may be different to a certain extent. Up to now, the 'principal component analysis' and 'gradient method' (Hill et al. 1965) seem to be very objective methods in taxometrics.
Taxonomicproblems. The view that 85-phenons in this study would be about at the level of species seems to be supported by the results of Rosypal et al. (1966) . They have studied, among others 11 strains also common to the set in this investigation; the strains fell on DNA base composition into three different groups :
Rosypal et ul. (1966) Strain CCM no. Table I Legend: number in parentheses: the score is achieved by I (CCM 134, 149, 163, 209, 248, 265, 296, 335, 337, 351, 357, 410, 443, 523, 531, 536  631, 683, 819 ).
I7 strains (CCM 80, 169, 247,276, 291, 530, 546, 550, 555,656, 732, 852, 1335, 1423,   3 . Strains with 'intermediary' arrangement of cocci: 9 strains (CCM 105, 14, 166,  183, 210, 249, 266, 407, 617) .
The formation of packets is not a quite constant feature in aerobic sarcinas (Kocur & Martinec, 1962; Hubiilek, 1964) and correlates with a number of other morphological properties (turbidity in broth is weak or none, there are conglomerates in liquid medium, sediment is grainy, colonies matt to grainy) but not with physiological or biochemical properties (only the activity of proteolytic enzymes in sarcinas, as well as the production of hydrogen sulphide, appears to be somewhat higher; it is interesting to note that all the sarcinas studied, without exception, were proteolytic). In order to compare both basic morphological types in the 85-phenon I, six strains of the morphological type I and six strains of the type 2 were randomly selected and the similarity was calculated between all these strains, after the characters nos. 2, 3, 6, 7, 10 and 12 (which are directly influenced by the morphological type) had been eliminated. Then the mean intragroup similarity values were found for both types and also the mean value of intergroup similarity (Z,.J, and their standard deviations : 
